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Ribosomal protein LI is encoded by two genes in Xenopus
laevis. The comparison of two cDNA sequences shows that
the two LI gene copies (Lla and Llb) have diverged in many
silent sites and very few substitution sites; moreover a small
duplication occurred at the very end of the coding region of
the Llb gene which thus codes for a product five amino acids
longer than that coded by Lla. Quantitatively the divergence
between the two Li genes confirms that a whole genome
duplication took place in Xenopus laevis - 30 million years
ago. A genomic fragment containing one of the two Li gene
copies (Lla), with its nine introns and flanking regions, has
been completely sequenced. The 5' end of this gene has been
mapped within a 20-pyridimine stretch as already found for
other vertebrate ribosomal protein genes. Four of the nine
introns have a 60-nucleotide sequence with 80% homology;
within this region some boxes, one of which is 16 nucleotides
long, are 100% homologous among the four introns. This
feature of Lla gene introns is interesting since we have
previously shown that the activity of this gene is regulated
at a post-transcriptional level and it involves the block of the
normal splicing of some intron sequences.
Key words: DNA sequence/intron/ribosomal protein LllXenopus
laevis

Introduction
Eukaryotic ribosome biosynthesis is a complex process which
involves the co-regulated expression of many genes coding for
its structural components, the rRNA and the ribosmal proteins
(r-proteins). In recent years several r-protein mRNAs and genes
from various eukaryotic systems have been cloned in order to
elucidate the molecular mechanisms involved in their coordinate
expression (for a review, see Fried and Warner, 1984).
We have previously reported the construction, isolation and

characterization of cDNA clones specific for six different r-

proteins of Xenopus laevis (Pierandrei-Amaldi and Beccari, 1980;
Bozzoni et al., 1981; Amaldi et al., 1982) and we have used
them to study the expression of r-protein genes in Xenopus oocyte
and embryo development (Pierandrei-Amaldi et al., 1982, 1985).
One of these cDNA clones, pXomlO2, contains the 3' portion
of the mRNA for r-protein LI. We have shown that the cor-

responding gene is present in two copies per haploid genome in
X. laeyis (Bozzoni et al., 1981). One of the two LI gene copies
was isolated from a X. laevis genomic library and its structure
analyzed at the level of restriction map and exon-intron organiza-
tion (Bozzoni et al., 1982): it is 6 kb long and consists of 10
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exons, of sizes ranging from - 60 to 200 bp, and nine introns.
To study the mechanisms involved in its regulation, the cloned
Ll gene has been microinjected into Xenopus oocytes. These ex-
periments have shown that a specific block of processing of the
Ll transcript, resulting in the retention of two of the nine in-
trons, is responsible for its regulation (Bozzoni et al., 1984). Here
we report the nucleotide sequence of the entire LI gene, including
the nine introns which have been searched for structural features
which might be responsible for the described regulation at the
processing level. We also report and compare the sequences of
two newly isolated cDNA clones which represent the transcrip-
tion products of the two LI gene copies.

Results and Discussion
Isolation, analysis and comparison ofcDNA clones for Lla and
Llb r-proteins
Since the amino acid sequence of r-protein LI is unknown, the
identification of exon and intron positions along the gene requires
the comparison with the nucleotide sequence of a full-length
cDNA for the same r-protein. On the other hand the cDNA clone
specific for X. laevis LI protein which we previously isolated
(Bozzoni et al., 1981) and sequenced (Amaldi et al., 1982) cor-
responds to only about one third of the mRNA at its 5' end. For
this reason we have now screened, using our cDNA clone as
probe, another cDNA library constructed in XgtlO with poly(A)+
RNA from Xenopus oocytes by D.Melton and kindly made
available to us. Several clones have been isolated which fall into
two classes, by restriction map analysis, as we might have ex-
pected on the basis of the presence of two LI gene copies in the
X. laevis genome. Two clones, one for each class, have been
sequenced.
The strategies used to sequence these two cDNA inserts are

shown in Figure la and a', and the sequences are presented and
compared in Figure 2. One of the two cDNAs (Lla) falls short
of a full length mRNA as it almost reaches the 5' end of the gene
(see below), while the other (LIb) lacks - 50 nucleotides belong-
ing to the first exon. The comparison of the two cDNA sequences
reveals that the two LI gene copies have somewhat diverged since
the gene duplication occurred. Most of the nucleotide substitu-
tions are observed at silent sites, thus leaving the protein primary
structure unchanged. The few cases where replacement muta-
tions have occurred led to conservative changes which result in
the substitution of an amino acid with another of similar proper-
ties. This divergence between the two LI gene copies is quan-
titatively very similar to that found between the two copies of
the vitellogenin A gene and between the two copies of the
vitellogenin B gene in this same species (Germond et al., 1984),
and agrees with the notion that a whole genome duplication took
place in Xenopus - 30 million years ago (Bisbee et al., 1977).
It is interesting to notice that the 3'-untranslated regions, -60
nucleotide long, are almost identical in the two cDNAs, sug-
gesting that this part of the RNAs, although not coding, has some
important function.
The two cDNAs differ also in the total length of the coding
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Fig. 1. Sequencing strategies for Lla cDNA (a), Lib cDNA (a'), and for the X. laevis genomic fragment containing the Lla gene (b); for this, the exon-
intron organization is also shown. Only the restriction sites used for sequencing are indicated in the maps. Abbreviations: E, EcoRI; H, Hinfi; D, Ddel; Bg,
BglII; Av, AvaII; A, AluI; Hd, HindIII; S, Sat!; B, BspRI. Arrows indicate the direction and extent of sequence analysis. Arrows starting at positions not
corresponding to any restriction site indicate sequencing of subcloned fragments obtained by Bal31 digestion.

region. In fact the Llb mRNA (cDNA) has a 15-nucleotide in-
sertion, with respect to Lla, at the very end of the coding region
before the TAA stop codon. A closer look at this 15-nucleotide
sequence suggests that it might have originated by duplication
of the 15-nucleotide sequence just preceding it (also present in
Lla mRNA), followed by some divergence. On the other hand
when we analyze r-proteins by two-dimensional gel electro-
phoresis, although the LI protein appears generally as a single
spot (Pierandrei-Amaldi and Beccari, 1980), sometimes a slight
separation of more than one component can be seen. The resolu-
tion of the LI spot into three components can be obtained by
changing the acrylamide-bisacrylamide ratio of the second dimen-
sion SDS gel. Figure 3 shows the resolution of the three LI com-
ponents by one-dimensional SDS gel electrophoresis of r-proteins
from the large subunit. The first two of these three components
are indistinguishable by peptide mapping after digestion with
Staphylococcus aureus V8 protease, and represent the products
coded by the two LI gene copies (as indicated by hybrid-selected
translation experiments; not shown). The small difference in mol.
wt. between the two LI proteins is probably due to the short
duplication, described above, at the end of the coding region of
LIb cDNA. Both genes appear to be active (Lia more than LIb)
in the X. laevis oocytes, as shown by the isolation of Lla and
Llb sequences from the cDNA bank and by the observation of
the two resolved Li spots in the electrophoretic patterns of r-
proteins prepared from oocytes. The third component now resolv-
ed from the original LI spot has a completely different peptide
map and probably represents another r-protein (Lx in Figure 3).

In Figure 2 we have indicated as initiation codon the first ATG
followed by the long open reading frame. The next ATG on the
same reading frame is five codons downstream. If the first ATG
is the functional initiation signal the protein product coded by
the LIa gene contains 396 amino acids, has a mol. wt. of44 920
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daltons and, as expected, is basic in character: arginine, lysine
and histidine together represent 25% of the residues while <6%
are glutamic and aspartic acids. We do not consider Llb here
as it is incomplete at the amino terminus.

Nucleotide sequence of the Lla gene
Figure lb shows the structural map of the portion of the X laevis
genomic fragment inserted in XXlrpI4 (Bozzoni et al., 1982),
which contains one of the two gene copies coding for r-protein
LI (gene Lla). Figure lb diagrams the strategy and the restric-
tion enzyme sites used to obtain the Lla gene sequence which
is presented in Figure 4, including several hundred nucleotides
of the flanking regions. The comparison of this sequence with
those of the two cDNAs described above allowed the precise iden-
tification of the position of exons and introns in this genomic
fragment. The same comparison allowed the identification of the
position of the cleavage/polyadenylation site at the 3' end of the
gene; it has been found to be located 15 nucleotides downstream
of the polyadenylation signal (AAUAAA) in both cDNAs, while
in our previous LI cDNA clone (corresponding to a Llb) it was
located at 13 nucleotides from the AAUAAA. Similar 3' micro-
heterogeneity has been described for other gene transcription pro-
ducts in particular for mouse r-protein L30 (Wiedemann and
Perry, 1984).
The 5' end of the gene has been positioned with a few

nucleotides of uncertainty by a primer extension experiment
(Figure 5). In a previous paper (Bozzoni et al., 1982) we localized
it several hundred nucleotides downstream of the site now iden-
tified. We know now that this 5' end localization, which was
obtained by SI mapping, refers to an unrelated RNA originating
from transcription of the other strand (unpublished data). The
now identified 5' end of the LIa gene is located nine (plus or
minus two) nucleotides upstream from the 5' terminus of the clon-
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Structure of LI r-protein gene of Xenopus laevis

Lla V .et Ala Sal See
L CCTTTTCTCTTCGTGGCCGCTGTGGAGAAGCAGCGAGGAG ATG GCG GTC AMC ATG GCC

Llb [ GCC
I,, -,

y S , i cia A' _

TGC GCT CGT
TGC GCT CGT
:ys Ala Arg

- rcl eu

CCG CTA
CCG CTA
Pro l.eu

I I e Se r al 1 '7 yr See Glau lys l I y
ATA TC GTG TAC TGGCGZ] AAG GGG
ATA TC GTG TAC TG GUAP AAG GGG
Ile Ser 'al 'Iyr Ser ,lu l.ys Gly

er Se-;1,;

GAA TICA TIT GGC AAM
GAA ITCT GGC AAA
S2Thr r v1

r00."irO Arg .li rFo
AAT AAC CG CGAA CCC
AAT AAC CGLJ CAA CCC

'on Arp. Ir

*rg l y ly
CGT GTG CAG GGA GGA
CGT GTG CG _OC>GA GGA

r g y y

AAT GTC
AAT GTC

lyr Eisa

TAC GCA
TAC GCA
yr A 1a

ACC ATG
ACC ATG
".'rO. t

Pro '..I-, 'Ja Prh, |Ar 1 a Pro

CF1 GCA GT1A1 TTC Giq GC] CC1 ATT
CC GCA GT1 TTC 8QGGIE CG1 ATT
Pro Ali '.'al Phe Ala Pro Ile

'al Ser Lys Les Ala

GTG AGC AP A CTT GCT
GTG AGC AP CTT GCT
''a 1 SP r L_ysL_ A I a

V
Gly His

GGT CAC
GGT CAC
G ly H i s

as'is Org Ser ly ,liI,ly Ala

GGA ACT CAC CGT TCT GGT CAG GGT GCC
GGA ACT CAC CGT TCT GGT CAG GGT GCC
:;ly The lii s -Org Ser (,ly Gle lCly Ala

Gln Thr Ser

CAA ACA AGT
CAA ACA AGT
(lIn Thr Ser

rO Pro Asp Ile

CGG CCT GAT ATT
CGG CCT GAT ATT
Arg Pro Asp Ile

Ala Glu

GCT GAA
GCT GAA
Ala Glu

Phe Gly .an 'et Cys
TTI GGA AAC ATG TGT
TTl GGA AAC ATG TGT
Phe Gly Asn let Cys

al P.sn

GTC AAC
GTC AAC
VaI Asn

Phe Val His

TTT G CAC
TTT G CAC
Phe Val His

Ser Trp Sly Thr Gly Arg Ala

TIG" TGG GGA AC GGT CGA GCr
TCI TGG GGA ACA GGT CGA GGE
Ser Trp Sly Thr Gly Arg Ala

Arg Gly
CGT GGT
CGT GGT
Arg Gly

<,ly Arg Met Phe Ala

G CGT ATG TTT GCC
G G CGT ATG TTT GCG
Gly Arg 'Met Phe Ala

Thr Ase Leu A^rg Lys
ACA AAC CTI CGC AAG
ACA AAC CTh CGC AAG
Thr Asn Leu Arg Lys

Val Ala Arg Ile Pro

GTT GCT CGT ATT CCC
GTT GCT CGT ATT CCC
Val Ala Arg Ile Pro

Pro Thr Lys Thr Trp
CCA ACG AAG ACc TGG
CCA A Cj AAG ACC TGG
Pr-o ihr Lys Thr Trp

Ire liis
TGG CAT
TGG CAT

rp) 'is

Arg Arg
CGT AGA
CGT AGA
Org Arg

His O..rg ie'I . U

CAC CGT ATT GAG
CAC CGT ATT GAG
liao Arg Ile (Alu

Lys Leu Lyes . a

AAG GTG AAA GCc
AAG CTG AAA GCC
l.ys L ea- i.ysy la

Arg Arg

CGC AGA
CGC AGA
Atrg IArg

i.y Pro

G A CCC
G CCC
C!y Pro

V a I Aser
GTC AAT
GTC AAT
' a I . s5

Jou i e

GAG ATC
GAG ATC
o,1 I I G

rp A;sre

TGG AAT
TGG AAT
Trp Aesrn

Cy s V a l Il e

TGT GTi ATC
TGT G] ATC
Cyes Sal Ile

'hr Thr lin Lys
AGA AG] CA AAG
AGJ AGJ C AAG
hvr Thr Jlnr Lys

Pro 1 U

CCC GAG
CCC GAG
Pro A,lu

A,s,sp Tlie Lys

GAC ATA AAG
GAC ATA AAG
..sp I le Lys

Tyr AsP

TAC AAT
TAC AAT
Tyr Asn

Arg Tyr

CGC TAT
CGC TAT
Arg Tyr

'Sal Pro Leu Val Val

GTT CCC CTT GTT GTT
GTT CCC CTT GTT GTT
Val Pro Leu Val Val

Lye 'Ja 1

AAG GTT
AAG GTT
Lys 'Jal

Glu Asn

GAA AAT
GAA AAT
lIlu Asn

Ala Val Cys
GC} GTC TGC
G E GTC TGC
Ala Val Cys

Giu Asp
GAA GAT
GAA GAT
Glu Asp

Ser Ala

TCT GCA
TCT GCA
Ser Ala

Leu Ala A a

CTG GCGC] GCC
CTG GC GCC
Leu Ala A la

Lys Val Glu Ser Tyr

AAA GT]GP AGC TAT
AAA G GTG AGC TAT
Lys Val Glu Ser Tyr

Tyr Ala Ser Gln Arg Met Arg Ala Gly
TAT GCW TCT CAG CGT ATG CGf GCGT] GGG
TAT GCJ TCT CAG CGT ATG CGU GCJ GGG
Tyr Ala Ser Gln Arg !4et Arg Ala Gly

Asn Gly LeualI Lys

AAl GGC TGIGIIA AAA
AAD GGC T A A AAA
Asn Gly I Lys

Ala Phe

GCC TTC
GCC TiC
Ala Phe

Arg .'.sen
AGA AAT
AGA AAT
Arg Asr

Ser Ala Leu Pro

TCA GCC CTT CCT
TCA GCC CTT CCT
Ser Ala Leu Pro

Lys Lys
AAG AAA
AAG AAA
Lys Lys

Lys Gly
AAA GGT
AAA GGT
Lys GIy

lI e Pro

ATC CcA
ATC CcA
I 1 e Pro

Thr Lys
ACA AAG
ACA AAG
'thr Lys

Lys Met

AAG ATG
AAG ATG
Lys Met

V
Gly l Ie

GG1 ATC
GGj ATC
Gly I 1 e

Al a Leu

GCT CTT
GCT CIT
Ala Leu

Ile Met Ser

ATT ATG TCT
ATT ATG TCT
Ile Met Ser

Glu Ala Val Leu Leu

GAA GGT GTC CT] JTG
GAA GCI GTC CTJ EJG
Glu Ala Val Leu Leu

Arg Asn

AGG AAC
AGG AAC
Arg Asn

Arg Arg Arg
AGA COG CG]
AGA CGG CG]
Arg Arg Arg

Thr Leu Leu Asn Val

ACC CTC CTC AAT GTA
ACC CTC CTC AAT GTA
Thr Leu Leu Asn Val

"er 'lys Leu -'sr, lea-

AGC AAG CTG AAC CTT
AGC AAG CTG AAC CTT
SP r .ye l.et seri Less

.yr Gly

TAC GGT
TAC GGT
yr Ale,y

Se-r ;3Ir.
A CAG
A T CAG
S er ln

-e t A r Leu

ATG AGG CTG
ATG AGG CTG
'.'- t : r£ Leu

Tier .rp

ACA TGG
ACA TGG
Phr 'I r

Lea.i rg Leai .,', I a

TTA AGG CTA GCT
TTA AGG CTA GCT
Leu S.erg Lei u . a

Arg Lys

CGC AAA
CGC AAA
Arg Lys

losIu lIe 'lI n g Ala

GAG ATC CAG HGG GCT
GAG ATC CAG G GCT
Glu Ile Siln Prg Ala

es n I'ro

AAC CCA
AAC CCA

esn Pro

hly lys Pro Lys .A.la Lys

GGT AAG CCT AAA GCA AAG
GGT AAG CCT AAA GCA AAG
rIly Ilye Pro Lys Ala Lys

Tyr Ala Lys

TAT GCA AAG
TAT GCA AAG
',yr la Lys

ILys Pro

AAG CCA
AAG CCA
Lys Pro

Ser Ala Lys

TCA GCC AAG
TCA GCC AAG
Ser Ala Lys

Pro G ly Gly lis Val Gly Aerg

CcT GGulGGW CAFT GTT GGA CGG
CcT GG* GGJ CAL GTT GGA CGG
Pro Cly aly His l3al Gly Arg

Leu Lys Ala Asp

CTG AAG GCA GAT
CTG AAG GCA GAT
Leu Lys Ala Asp

V
Ileu Arg Ala Pro Asn

CTG 4 GCT CCA AAC
CTG GCT CCA AAC
Leu Arg Ala Pro Asn

Thr Ala

ACG GCA
AC GCA
Thr Ala

Leu Asp

CGf GAT
CTJ GAT
Leu Asp

Arg Arg
A CGT
A GCGT
Arg Arg

Ala Lys

GCA AAA
GCA AAA
Ala Lys

V
Tyr APn

TAC AAC
TAC AAC
Tyr Asn

Phe Cys

TI1-C TGT
TTC TGT
Phe Cys

Leu Pro Met

CTT CCA ATG
CTT CCA ATG
Leu Pro Mlet

Lys Lys Val Lys Arg
AAA AA GTG AAG WJA
AAA AA GTG AAG G A
Lys Lys Val Lys Arg

H i s Ala IlIe Leu GI n

CAT GCT ATC CTG CAG
CAT GCT ATC CTG CAG
HAis Ala IlIe Leu G I n

Thr Lys Met Ile Lys

ACFT AAA ATG ATC AAG
AC A AAA ATG ATC AAG
Thr Lys met Ile Lys

T le Trp

A TIGG
ATF TGG
I le Trp

His Lys

CAC AAG
CAC AAG
His Lys

Glu Leu Lys

GAG CTIC AAG
GAG CG AAG
Glu Leu Lys

Thr Alau Ser

ACA GAA AGC
ACA GAA AGC
Thr Alu Ser

Met 'Ihr

ATG ACA
ATG ACA
Met Thr

Ala Phe

G GQC TTC
GCH TTC
Al1a Phe

Asn Thr Asp
AAC ACA GAT
AAC ACA GAT
Asn Thr Asp

Lys Asn

AAG AAC
AAG AAC
Lys Asn

Gin Leu Glu Asce lIe Lys

CAG CTT GAG AAT ATT AAA
CAG CTT GAG AAT ATT AAA
Gln Leu Glu Asn le Lys

Pro Leu

CCI CTG
CC CTG
Pro Leu

Ala Lys

GCT AAA
GCT AAA
Ala Lys

Arg Lys
CGC AAA
CGC AAA
Arg Lys

Leu Thr

CTG ACC
CTG ACC
Leu Thr

Leu Asp Asp Leu

TTA GAT GAT CTC
TTA GAT GAT CTC
Leu ASp Asp Leu

Arg Ile

AGA ATC
AGA ATC
Arg Ile

Lys Asn Leu Arg
AAG AA CTA AGA
AAG AAL CTA AGA
Lys Asn Leu Arg

Glu Lys Lys Pro

GAA AAG AAG CCA
GAA AAG AAG CCA
Glu Lys l.ys Pro

Leu Lys
C G AAA
C A AAA
Leu Lys

I le Met

ATC ATG
ATC ATG
I le Met

Asp Asp
GAT GAT
GAT GAT
Asp Asp

Leu Ala Lys Ala Lys Lys Arg Gln Ala Arg |Ala Ais Lys

CTG GCC AAA GCA A AdAAGG CAA GCG1 AGG G1A GIA GCT AAG
CTG GCC AAA GCA A A G AGG CAA GC cAGG GGCT AAG
Leu Ala Lys Ala Lys Lys Arg Gln Ala Arg u1luAla Lys

841

934

1027

1120

1213

AIa ..la ,iu Fh Lys ---

l GCl GG# AAG TAA TCCCAGAGCGTTATCTCATGTTCAGCACTTTGGATTTAC--CAATAAATTCTGTITAATACTTAAAAAAAA...GQAGGAG G MAG TAA TCCCAGAGCGT ]CTCATGTTCAGCACTTTGGATTTAC--CAATAAATTCTGT TAATACTTAAAAAAAA...
Tr .;. I a- , I u A z 1.y s/ _-__-

ACG GCA GAA TCG MG
Thr Ala Glu Ser Lya

Fig. 2. Comparison of the nucleotide sequence of Li a and Li b cDNA and of the deduced amino acid sequences. Nucleotide and amino acid substitutions are
boxed. Closed triangles indicate the positions of introns in the Lla gene. The open triangles indicate the 5' ends of the cloned Lla and Llb cDNAs; the few
nucleotides which complete the Lla sequence upstream have been deduced from the Lla gene sequence (Figure 4) and the primer extension experiment
(Figure 5).

ed LI a cDNA; it falls within a 20 pyrimidine residue tract and Drosophila (O'Connell and Rosbash, 1984) and only in some

is preceded upstream (-25) by a reasonable TATA-like se- of the several yeast r-protein genes analyzed (for references see

quence. The presence of a pyrimidine-rich 5' end has been Teem et al., 1984). On the other hand it has been noted that this

described in two mouse r-protein genes (Wiedemann and Perry, type of 5' end is common to several 'housekeeping' eukaryotic
1984; Dudov and Perry, 1984), not in the r-protein 49 gene of genes (Dudov and Perry, 1984).
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Fig. 3. Resolution of Lla and Llb r-proteins on SDS gel electrophoresis. Proteins extracted from X. laevis large ribosomal subunits were run on acrylamide
gel electrophoresis (15% with SDS) at different acrylamide-bisacrylamide ratios: 35/1 (a); 140/1 (a') together with size markers (b and b'), whose mol. wt.
values are given in kd.
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15A1TCGTCCGCTA ATATCGGTGI ACTCCGAGAA GGGGGAATCATCT'GCAAAA ATSTCACCAT

1561 GrCTCCAGTA TTCAGGGCAC CCAACAAG(CC T5ATATTATATC AACTTTGTC ACACAAACCT
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CLAC'TTTCA,T EGTGTTTCTGAACCTAG TGATATTAA 'GGAA'TCTG ATTTCAACA

i' TTGGAVATrT A'TTTAAATTT CaTTL,TTCTT ACTAtCCTATA TTTCAGATTA GTGTAACACT

CIM TTTTTATTTTACACA+TT CTTCAAC'ITC ''A'ACTGAA TA'A'A TG

TrTACTST' CATCATGCA CA'TTCCCG CAGCTAAIAT 'TAAG'GSG ATGAT-T'TCA
AATATAC'CT AA'A'j-AAC AAA TA T ATA(]-TA6 A;OATATTAATAAAAAAGTr

.-f,l TTATCAAAAA 1TCTCrTTAC, CGTAArAGAT ATTCTATt'TUTTAA TA1TTCAT'5 T

CCTiT' TSGATiTGGACGT CTCA-TTGCH CAACTAA(AC C T TCVTG 'AACIlATC TA

2C1 TAS(CAATACSAT ÂTI'AAG CGA-A`GCAA TCTGCTCT.AC -TTrAACv! T CT;GCCTTCC

2?;4 TGCT.~-TATT vIGTtTA-AAG |GFTAAACC T T T TG TG(-,AT L -4GTAATATT TA CGCA

2t4w1J TAGTTGUTST ATGATGAGLI CCACTTv,IAT GG,TlUGTGTT _,rlrAT5CAT h 'GAETETC

Ji.] GGGAA(GITC TGATwAGCAT GATGGAA-[G GCATTATACG TCAAP,T'v;T Gf,GTTLAGATArL
TATCTTAAAA TAAGCrGTAiG CATTACCT ACAGTGTCAT' VA-ATTGA[1 G,nTr.. A

h] FTCCCCTTT, TTGTTGAAGA TAAAGTAGA'ACATAA !/ AAAT''CT
A6JCT(TTAAAGA AGCTGAAAGC CTGGAATGAC ATAAAGAA ACAA TC H A

,[ IACTTCITrT ACTAAGTCAT TAGC'AAAT-A GTGTTTTr !. iL]iTTi0.T i.TA 'A

7t TCLAATTA TCT GTATAT ITTCTT A A A IACAVrlTTATT
8.1 TTGATAAAT T6AT L rTCC TG,TATTTAAT CT AAAAIAi[: ^;tGA:F, 1A T TAtA i-

.881 TAT'TATAAA TAACAT-TIT TCAAATAAT A'C''.TT ';,TTTr., A A
Ti TAGT T TT'TTT AAGGTTIA Ali kl,..,'4

*JI TAY][CTT.L,AC A TTACTAIE 0T.T. r s. l;;1;^ 7.TTI

rA~~~~~~~~~~~~~~~~~ TTTAr,AAAATT76

CTTA A TA5 P AT SA

1661TTCTACI
31121 CA5TACCTI'S -~ AACTf -LA TTTTT','A-T'T'TTTC

ABA TTAT[-TAA' ,TAT T,TTT TAT-IGTT T~ TACITCACTT

ASIA1 TTAT TA TC ~ ,C A ALATT IT A r '[ ,AATTT

A47 CAGGTCATAT AC SAC'T ~,P~ ACCT~,~T'A LALAA ~~""1 A( ,T1

'C1 'TATTTATTC GA [-CA IGI -~A'~(Ar TTC TTI-~LACAVT 'T S,~ACS"A~

'561AClT CAA,A'tTCAC _ A___ A_ rrCTTTTAA1G TTA'CCAAA,T, TGTCTATGTTA
4AT' GAI' ACCACCITTA G lA iI 'GTATC TACTATACAT

CCC A6CCCAAAC SSrASC7~~A~ ACAAIA A TAAATTGATATAC-TT
IC TTCATATACV~T6 CATTTPATAGTAC,CA1 AGAATCTATT TTSA6CACTTAA

'C6A TCACTATCCC ACATC T'I A'AVCAACATALr ~ TAA'ACAAA TA~TATAC ACAACCTGAC
S~61CATATCATACTSTIAKl ITTA TASATCACGAA AASATT CGATCC6ACATAC

461 CACTAT-ASCI SASASATC'A CASTACCIC AS'T 'ATr GACTCATA' TTACACTATT
AC1 ITATGGSACAT SATGAACTTA 'ATAlTAr, I'V'TGGG''ITATT,ATATATA CATATAAAAAA

4ArS TCATGTACGCA 'ACC,T(AA' AGAA'TA ATTICTTG;A IT,ATTCATTS ATAGCACTTA
4561 AACTTAAGCA CATATC7TAC ACA'IITCAA 'TA'-ACTTCCAATTCAASC'AC TcACCTACA
4621 SAAACAAITT7TCPCTAS''' ACAHA' AACATACTACA AAAAASTAT GACCACACATC

AiAS1 CCAATTACTH ITAASIGAAA1 CCATACTCII ATTCTTAA~AAAAAA T,AATAAAAAAA

SASS TT3ACCACTCA CSATTTCASAT'TACA!G[ T~TGSTCA AATAACSAAST CATACTACAT
5915 GCATGAACGC TIAAAACACA ''TASCAC'TA MAA lIAAGA ATATTACAGC
C961 TCCTTAATAT' 'CTACT' T' ATTAAIT'6 TCATTACTC ATTAAGTA TACCTGATCAA
Cr4C TTAAACTATCA ATCATCCTAC 55' 'AAAI TTATGCATAr AA TC'AAGA rTCTACT'AT
AlAS CIATACCTGIAHUA CCGTATACIAAGT'I TAT'"AACTA' TTAATTAGAC

CArl FGAVITrAIC' T~,T;4GG,AU AAGAA CLKAG GAT r TAT

ATATIAT ~ ~ A T

'5521 TAAA.TTCTS 7TT A ,A ;
CAl ACCA.T AC AA A TA TA

'AS1 ~A'AllA ALlT'TA'C A' ASACA A6 A TA
CS6 'AIrTTCAAC ITA~CTArIC W ATATAAA TA AC A 'AAA
5821,AATTAT"I A f, IA A CA A SACA A TACAGTI
,881HACCA~[TTt, AAT( tA A T,T~1,TAAAT S SC'CTAT C'
"~,I~M LAAL- T f,TAT6A AT'CIAT'' AA ,A Af,AT AT~ AG

Fig. 4. Nucleotide sequence of the X. laev'is Lla gene and its surrounding regions. Nucleotides are numbered in the direction 5' to 3'. starting with number 1
at the position of the 5' end of the corresponding transcript as determined (plus or minus two nucleotides) by the primer extension experiment (Figure 5). The
10 exons (boxes) have been identified by comparison with the Lla cDNA sequence (Figure 2). The homologous sequences present in introns 2. 4, 7 and 8
are underlined. Lower-case letters indicate uncertainty in nucleotide identification.
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Fig. 5. Determination of the 5' end by primer extension. A PstI-ClaI fragment (139 bp) including part of the second exon and part of the second intron was

isolated (P), end-labelled and used to prime cDNA synthesis from oocyte poly(A)+ RNA as shown in the schematic diagram. The product (EP) was
electrophoresed on acrylamide gel together with size markers (A and B).

.. CATG:GTGAGCCCAA.... irtr3o p ...TCCACCCCAG:GCCT ...

. GCTG:GTATGTAGTG, i,, ,,tr, 2 TATTTTTCAG:GTCA ...GTGGTTTA TG... 2106bp

.. AAAC:GTATCCTTTT, irtr1- .. TTTCATGTAG:ATGT.,.

... AAAG:GTAAATCCTT .,.. irtr- .TTGCTTTCAG:GTCA ...~~~~~194bp

... GAAG:GTGCAGAATT ,,i.. 564b5 .... TGTTGTGCAG:GTTT ...

.. CCAG:GTAAGTAAAT, ,,, intro 6 ,,,, TACTTGCTAG:GCAT ...

.ACAA:GTAAGTATAT, ,, i16tr51 7 .... TGTTTTCCAG:CCTT ...SOO2bp

... CAAA:GTAAGTAATT,,,, i45to 8 .... TACCTTGCAG:CAAA ...

GAAT:GTAAGTACCA.,,,, i166r- ,,,, TCATTGACAG:ATTA ...
663bp_

A1 AA CCCCCC.CA Gb|CA GTAG .... .cons 'TTTTTT 'T- T ...

Fig. 6. Exon/intron and intron/exon junctions in the Lla gene are compared
with the consensus sequence (Breathnach and Chambon, 1981).

Structural features of the introns of Lla gene

Figure 6 compares the exon-intron-exon junctions of the nine
introns of the LI a gene. All the sequences obey the GT/AG rule
and in general are in good agreement with the larger consensus

observed by Breathnach and Chambon (1981).
We have previously shown that the expression of the LI gene

is regulated at a post-transcriptional level both in vivo during
embryogenesis (Pierandrei-Amaldi et al., 1985) and in oocytes
injected with the cloned LIa gene (Bozzoni et al., 1984). In par-
ticular we have been able to identify, in the oocyte system, a

specific regulation of LI r-protein synthesis. The observed regula-
tion involves a splicing block which leads to the accumulation
of a precursor RNA still containing the second and the third in-
trons (Bozzoni et al., 1984). With these notions in mind we have
now performed a computer analysis of the sequence of the Lla

INTRON 2
INTRON 4

INTRON 7
INTRON 8

1728 GATATGATGAGTTCCACTTC A- TGGTCCGTGTTTCTG ACC-TAG GAITTAA TGGAAGTTCTGA TTT 1794

2408 TTTATGATGAGCTCCACTTC TATGGTCCGTGTTTCTG TGCATCA GATCTCTG TGGAAGTTCTGA TCA 2476

4252 TACATGATGAT TCCACTTCTATGGTCOGTGTTTCTG AAC-TCA GAATTTG TGGAAGTTCTGA TTT 4319

5030 TT ATTGG TCCACTTC TTGGTCCGTGTTTCTGAAACCTTA GA CTAAA TGGAAGTTCTG CTG 5098

Fig. 7. Comparison of the homologous sequences present in four introns of
the X. laevis Lla gene. The positions of the first and last nucleotides of the
four sequences are given according to the nucleotide numbering of Figure 4.

gene, with particular attention paid to the introns. Although no
peculiar structure common to the second and third introns has
been found, the search for repeats in the gene has revealed a

striking feature in four of the nine introns: as shown in Figure
7 a sequence of 60 nucleotides is present with 80% homology
in introns 2, 4, 7 and 8 (no other significant repeated sequence
has been found in this genomic fragment with the exception of
several T-runs present mainly in the introns). A closer analysis
of these sequences shows that within these 60 nucleotides there
are five boxes, ranging in size from 4 to 16 bases, which are

100% homologous. No case has been described so far of such
high sequence homology in different introns interrupting the same
gene, besides sequences necessary for splicing at border junc-
tions and branching sites. Sequence homology has been describ-
ed only in that particular class of introns which autosplice or code
for a maturase (for references, see Waring and Davies, 1984).
These considerations suggest that the homologous sequence pre-
sent in the four introns of Lla gene might be involved in some
specific regulatory or structural function. Experiments are now

in progress to test whether these sequences are important for the
regulation of the LI RNA maturation or whether other specific
functions must be attributed to them; this possibility is suggested
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by the fact that the homologous sequence occurs in four introns
only one of which is involved in processing regulation.

Materials and methods
Screening of the cDNA bank and subcloning
A full-length cDNA bank (constructed in XgtlO with poly(A)+ RNA from
X. laevis oocytes, by D.Melton) was screened using the clone pXomlO2 (Boz-
zoni et al., 1981) as a probe specific for r-protein LI sequences. The isolated
clones were analyzed by Southern blot hybridization and those which appeared
to contain inserts of the expected length were subcloned in pSP6. The genomic
fragment clones in Xlrpl4 (Bozzoni et al., 1982), containing the entire Lla gene,
was digested with several restriction enzymes. The fragments obtained (some
of them were also treated with Bal3 1 exonuclease) were subcloned in pBR322.
Both the lambda clones and the plasmid subclones were used for sequence analysis.
DNA sequence analysis
DNA sequencing was carried out according to Maxam and Gilbert (1980) with
the addition of aT-specific reaction (Rubin and Schmid, 1980). Fragments were
end-labelled with T4 polynucleotide kinase and strand separated or restricted with
a second enzyme yielding a single labelled end. The chemical reaction products
were electrophoresed on urea-polyacrylamide (30:1) gels 40 x 20 x 0.03 cm
(a 20% and two or three 6%), yielding an average of 200- 300 nucleotides of
sequence per labelled end.
Primer extension
The restriction fragment PstI-ClaI (139 bp) including parts of the second exon
and of the second intron (Figure 5) was end-labelled with T4 polynucleotide kinase
and the strands separated on acrylamide gel. This primer was annealed to 5 jig
poly(A)+ RNA in 80% formamide, 0.4 M NaCl and 40 mM MOPS (pH 6.5)
at 44°C for 5 h. The mixture was ethanol precipitated and then resuspended in
20 ,l of 50 mM Tris (pH 8.3), 5mM MgCl2, 40 mM KCI, 2 mM DTT, 1 mM
of each dNTP, 20 units of RNasin and 13 units of AMV reverse transcriptase.
After incubation for 2 h at 42°C the RNA was hydrolyzed with alkali. After phenol
extraction the extended products were recovered by ethanol precipitation and elec-
trophoresed in urea-acrylamide sequencing gel together with size markers.
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